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"Hyaluronic acid preparation to be used for treat ing 
mf lannations nf skeletal joints' 1 . 

This invention relates to high-molecular-weight hyaluronic 
acid having a molecular weight exceeding 3 x 10 6 dalton and 
intended for use as an agent for counteracting progressive 
cartilage destruction as, caused by degradation of proteo- 
glycans. The type of treatment here referred. to is intended 
for mammals, including man. 

The term "hyaluronic acid", as employed here, refers both to 
the acid as such and to its physiologically acceptable salt, 
unless stated otherwise. 

The quantitatively predominant part of articular cartilage 
consists of an extracellular matrix, which plays an important 
functional role and the composition, of which is controlled 
by a relatively small number of cells. This matrix is 
composed of (i) collagen forming a fibrous network which is 
of importance for the volume stability of the tissue, and 
(ii) , proteoglycans as a further major component, having a 
large amount of mutually repellent electric charges due to 
which the tissue acquires its elasticity and its ability to 
resist compression. Moreover, articular cartilage contains 
several other proteins , generally without known functions. 
An exception to this are the link proteins . which participate 
in the formation of. proteoglycan aggregates and contribute 
to the stability of these aggregates. Such aggregate formation 
is a necessary prerequisite for the fixation of the proteo- 
glycans, and its negatively charged groups in the tissue. 

Degradation of the structures in articular cartilage is a 
typical characteristic of all diseases resulting in chronic 
destruction of the joint structures. Examples of such 
disorders, are rheumatoid arthritis, psoriatic arthritis, and 
osteoarthrosis. Also, acute inflammation of a joint is often 
accompanied by destruction of the cartilage, although in 
most cases this will. not develop into the chronically 
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destructive -disease. It is net known which factors are 
crucial for the acutely inflamed joint to either proceed to 
healing or develop into the chronic process. Examples of. 
diseases involving acute joint inflammation are yersinia 
arthritis, pyrophosphate arthritis, gout arthritis (arthritis 
urica) , septic arthritis and various forms of arthritis of 
traumatic etiology. Araorr other factors potentially conducive 
to the destruction of articular cartilage may be mentioned, 
for instaince, treatment with cortisone; this has been known 
Uor a long time to accelerate the degenerative process in 
osteoarthrosis. Such a so-called "steroid arthropathy" 
occurs far too often as an undersirable side effect of 
intra-articuJ ar cortisone treatment and can be avoided only 
by providing for a sufficiently long period of rest after 
the treatment. Steroid arthropathy is characterized by an 
advanced degree of articular destruction and X-ray-detectable 
changes of the same type as occur in advanced degenerative 
articular disease (Nizolek, DH & White, KK, Cornell Vet. 
1991, 71:355-75). According to what is at present accepted 
as an explanation of the degenerative arthropathy development 
following treatment with cortisone, this arthropathy is 
believed to be caused by a primary effect on the chondrocyte 
metabolism. It should be noted, however, that the actual 
renditions prevailing in cases of arthritis with severe 
inflammation of the joint are of a rather more complex 
character, since in those- cases injection of cortisone 
appears to have an overall positive effect on the clinical 
picture. 



Hyaluronic acid is a naturally occurring glycosaminoglucan . 
Its molecular weight may vary from 50 000 dalton upwards, 
and it forms highly viscous solutions. As regards the actual 
molecular weight of hyaluronic acid in natural biological 
contexts, this is still a matter of much uncertainty: When 
the molecular weight of hyaluronic acid is to be determined, 
different values are obtained depending on the assay method 
employed, and on the source, the isolation method etc. 
Molecular weights given in this specification have been 



SUBSTITUTE SHEET 




i * 



determined according to Int J Biol Mactr ->l 7 (1985) , 
?. 30-2. The acid occurs in animal tissue, e.g. spinal 
.fluid, ocular fluid, synovial fluid, cockscombs, skin, and 
also in some streptococci. Various grades of hyaluronic acid 
have been obtained. It has been very difficult to obtain a 
sufficiently pure and high-molecular form suitable for 
administration in vivo. A preparation with a high degree of 
purity and entirely free from side effects is the non- 
inflammatory form described in US-A-4, 141, 973; this preparation 
is said to have a molecular weight exceeding 750,000 dalton, 
preferably exceeding 1,200,000 dalton and has been suggested 
for therapeutical use in various articular conditions for 
instance. 

Heretofore, Applicant and others have carried out clinical 
studies on humans in respect of the indication "inflammatory 
joint conditions". Hyaluronate of a molecular weight substan- 
tially lower than 3 x 10 6 dalton (for example 10 6 dalton) 
was employed in these studies; it was applied by means of 
ir.tra-articular injections. The accepted therapeutical 
T.ethod for the aforesaid indication is corticosteroid 
therapy, despite the fact that the effect of these substances 
is somewhat ambiguous, cf. above. Much work has been done 
also in the field of veterinary medicine, viz. in horses. 
Examples of scientific publications describing the use of 
hyaluronic acid for treatment of articular conditions are 
Nizolek, DK & White, KK (Cornell Vet. 1981 , 71 : 355-375); 
N'amiki, o et al. (int. J. Chem. Pharmacol., Therapy and 
Toxicol. 20 /1982/ p. 501-7) ; Asheim, As Lindblad, G (Acta 
Vet. Scand. 17 /1976/ p. 379-94); Svanstrom, OG (Proceedings 
of the 24th annual convention of the American Association of 
Equine Practitioners; St Louis, Missouri, December 19 78, 
Published 1978, p. 345-248); Wigren , A et al (Upsala J Med 
Sci Suppl 17 (1975) D . 1-20; and Gingerich, DA et al (Res 
Vet Sci 30 (1980) p. 192-9?. m the patent literature 
hyaluronic acid preparations for general treatment of 
inflammatory conditions of the joints have been described. 
Examples are JP-A-58-3700 1 , EP-A-138,572 (Mol . wt. within 
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certain ranges below 10 6 dalton), and EP-A-143, 393 (hyaluronic 
acid havirg the following essential characteristics: free of 
-nucleic acid and protein, derived from bacterial sources, 
and having a controlled Mol. wt. /2-4. x 10 6 dalton 
mentioned/) . it should be noted that both EP-specif icat ions 
were published during the priority year. 

The positive effect of high-molecular-weight hyaluronic acid 
(>3 x 10 dalton) on progressive cartilage destruction 
involving proteoglycan degradation, has not been men^oned 
in the Prior Art. 

The invention described in ^P-A-145,681 has opened up new 
possibilities for studying early stages of cartilage destruc- 
tion. The method measures how proteoglycans from cartilage 
are released into synovial fluid . An increased amount 
thereof in the synovial fluid is indicative of inceptive 
destruction, and thus the condition can be diagnosed long 
before any changes visible on X-ray or through the artro- 
scope, have appeared in the joint. By means of this method 
it has been possible already at an early stage to monitor 
the effects exerted by various types of treatment upon the 
degeneration of cartilage. Our experiments now presented 
show that hyaluronic acid administered intra-articular ly and 
having a molecular weight of about 3 x 10 6 dalton or more is 
prcne to decrease the proteoglycan content of synovial fluid 
to almost normal levels. This indicates .a positive effect on 
the proteoglycan metabolism of a joint. It has been shown 
that this is applicable both to inflammatory conditions and 
to degeneration caused by treatment with symptomatics, such 
as corticosteroid preparations. It is thus clear that a 
sufficiently high molecular weight of the hyaluronic acid is 
apt to counteract side effects that might be caused by 
corticosteroids or other symptomatics producing similar 
effects. This finding is quite unexpected, since when 
corticosteroids are applied, the amount of hyaluronic acid 
in the synovial cavity will increase substantially (see 
Experiment 1). Thus the hyaluronic acid employed has an 
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ertect far exceeding that of the hyaluronic acid released 
due to the ster_id treatment. Our experiments also show that 
these hyaluronic acid preparations have a very positive 
effect on such clinical symptoms as pain, swelling and 
lameness . 

Objects to be attaine. by this invention are thus to provide 
improved therapeutical methods for, in the first place, 
early stages of cartilage degeneration, and to normalize 
proteoglycan metabolism, e.g. by preventing proteoglycan 
escape from the cartilage upon treatment with corticosteroids 
or other symptomatics having a similar effect. 

These objectives are attained by intra-articular administra- 
tion of an effective amount of hyaluronic acid with a mean 
molecular weight exceeding 3 x 10 6 dalton, preferably, 
exceeding 4 x 10 6 dalton; but usually the molecular weight 
will not exceed 7 x 10 6 dalton.. The dosage of hyaluronic 
acid administered should preferably be within the range of 
5 mg - 80 mg. The amount of solution given at each adminis- 
tration is generally less than 60 ml, e.g. less than 20 ml, 
of an aqueous solution of the acid or its salt. It is 
convenient to administer the acid dissolved in water' 
(< 2 ^ w/w, buffered to physiological pH) , for instance in 
the form of a water-soluble sodium salt. The exact amount 
will depend on the particular joint to be treated. If the 
synovial cavity is large, the amounts required lie within 
the upper part of the aforesaid range, whereas, if the 
cavity is small, the amounts required are within the lower 
part of this range. In cases of severe and prolonged disorders, 
repeated admi- stration may be necessary. 

The therapeutic method of the invention may be carried out 
conjointly with a symptomatics treatment of a type as 
described above, involving a known administration of 

a therapeutically active amount of a corticosteroid or other 
symptomatics having a similar effect. 
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According to the invention, a hyaluronic acid is employed, 
which has been extracted from animal tissue known to contain 
hyaluronic acid of a molecular weight exceeding 3 x 10^ dalton 
Such hyaJuronic acid may also be recovered from cell cultures 
producing it, e.g. by extraction. Sources that may be used 
are cockscombs (in the first place from White Leghorn) and 
certain ' bacteria , such as streptococci. The ability of a 
living organism to produce the "right" kind of hyaluronic 
acid is hereditary; consequently it is always necessary to 
carefully select individuals within the species emr^yed. 

The hyaluronic acid to be employed is heterologous, i.e. 
derived from a source other than the individual to be 
treated. 

A suitable purification procedure is that described in the 
aforesaid patent US-A-4 , 14 1 , 973 . Starting out from the right 
kind of source of raw material, it will be possible to 
obtain a substantially pure hyluronic acid having a mean 
molecular weight exceeding 3 x 10 6 dalton and having a 
protein content of less than 0.5 % (w/w) . 

The invention will now be further illustrated by means of a 
number of non-limitative examples. It will be seen very 
clearly from the examples that the effect exerted by the 
hyaluronic acid is very much dependent on the molecular 
weight of the hyaluronic acid administered. Generally 
speaking, a very low effect is obtained with molecular 
weights lower than 1.5 x 10 6 dalton, while, generally, a 
z'ull inhibition of the proteoglycan release due to cartilage 
degeneration can be obtained in cases where the molecular 
weight: exceeds 3 x 10 6 dalton. 
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EXPERIMENTALS 

Clinical situation studied: Steroid arthropathy. The manner 
in which intra-articularly administered cortisone and 
hyaluronic acid of various molecular weights- will affect the 
degeneration of cartilage has been studied by means of 
measuring synovial fluid ? zvels of (i) proteoglycans (according 
to EP-A-145, 681) and (ii) hyaluronic acid (according to 
Rowley, B. et al. f Am. J. Vet. Res. 43 (1982), p. 1096-9). 

Experiment 1 

The animals treated '/ere two race horses (trotters) which 
were nc V n:*er being used for racing but were exempt from 
clinical F/mptoms of articular problems.. The following 
preparations were employed: 

Celestona ? -Bifas 5 (liquid for injection, 6 mg of 
glucocorticoid per ml) (Schering Corp.) 

Ma-hyaluronate dissolved in water (10 mg/ml, pH7.3, 
Mol. wt. =3 x 10 6 dalton, produced according to 
'JS-A-4, 141,973 from selected White Leghorn roosters 
/Pharmacia AB , Sweden/) 

Physiological saline. 

3 jcints of each horsA were treated; doses given intra- 
articularly were the following: 



Joint 



Treatment 



Fetlock L.F. (CI) 
'J. carpal L.F. (C2) 



4 ml of Celestona *-Bif as® 



Fetlock R.F. (PI) 
U. carpal R.F. (P2) 



6 ml of phys. saline 
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Fetlock L.L. 



(HI) 



2 ml of Na-hya luronate 



M. carpal L.F. (R2) 



Fetlock R.L. (HC1) 
M. carpal R.F. (HC2) 



4 ml of Celestona^-Bifas 
2 ml of Na-hyalurona te 



5 



3 treatments were carried out: Day 0, after 1 week and after 

2 weeks. Synovial fluid was sampled immediately before 
treatment on day 0, after 1 week and after 2 weeks; and 

3 weeks, 4 weeks, 6 weeks and 8 weeks after start. M so, 
since it was desirable to measure the total amount of 
proteoglycan fragments and hyaluronic acid in the treated 
joints, the synovial fluid volumes were measured for this 
purpose by means of injecting isotope-labeled PVP and 
measuring the dilution. The results below thus give the 
total amounts of proteoglycans and Na-hyaluronate per joint. 
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The experiment shows that cortisone will break up the 
extracellular matrix in cartilage, thus explaining the known 
cartilage-degenerative effect of cortisone and/or its 
negative effect on chondrocytes. Hyaluronic acid having a 
molecular weight of 3 000 000 will reduce this effect and 
the duration thereof. 

The results show also that cortisone gives rise to an 
increased amount of hyaluronic acid in the articular cavity. 

The below Experiment 2 has been performed for elucidating 
whether or not the above effect on proteoglycan increase in 
the articular cavity was coupled to the molecular weight of 
the Na hyaluronate administered* 

Experiment 2 

3 horses (trotters) no longer actively engaged in races have 
been employed in this test: Horse M, Horse A and Horse H. 
Each horse was injected intraarticur lar ly in the following 
joints (without any clinical symptoms of disease) : 

Fetlock joint 1, foreleg (A) 

Fetlock joint r, foreleg (B) 

Upper carpal 1, foreleg (C) 

Upper carpal r, foreleg (D) 

The above-enumerated joints of Horse M were treated with 

4 ml of Celestona^-Bifas® (6 mg of cortisone/ml , Schering 
Corp,) together with 2 ml of Na hyaluronate having a mole- 
cular weight of about 10 5 daltdn (1 % in water). The treat- 
ment was repeated at intervals of 1 week. Samples for 
measurement of proteoglycan fragment concentration in the 
synovial fluid were taken before the start of the treatment 
and 1 week after the second treatment. 
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The procedure followed in the case of Horse A was exactlv 
the same except that the Na-hya luronate had a molecular 
weight of 6 x 10°. dalton. Also horse H was treated in 
exactly the same way, but with the exception that the 
Na-hyaluronate had a molecular weight of 3 x 10 6 dalton. 
Proteoglycan measurements were carried out in a manner 
analogous to Experiment 1. Results of the analyses (mg/i) 
are set forth in the Table: 



Time 



Joint 



Horse M 
(100 000) 



Horse A 
(600 000) 



u ^rse H 

(2 700 000) 



A 34 , 4 

3 45,9 

C 33,6 x=37,2 

D 35,1 



20,3 32,5 

21,1 27,9 

17,6 x=21,3 2 6,6 

26,1 24,8 



x=28, 0 



after 
1 week 



A 5 3 4,6 

B 550,8 

C 858,6 £=494,9 

D 3 5,3 



374,1 311,4 

18,1 136,4 

101,5 x=260,5 46,0 

548,1 28,1 



x=130,5 



after A 350,5 

2 weeks B 615,6 

C 118,9 x=280,6 

D 37,4 



169,4 54,4 

23,8 43,0 

20,4 x=62,7 116,1 

37,0 18,5 



x=58 ,0 



The results show that the proteoglycan release (the degeneration) 
decreases with increasing molecular weights of Na-hyaluronate. 
When the molecular weights rise above 3 x 10 6 , the 
proteoglycan release is hardly measurable at all with the 
method employed. 
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Experiment 3 

Two horses, no longer in active training or racing, were 
used. The actual joints: both fore-fetlock joints in both 
horses (1 and 2) and both middle carpal divisions in one of 
them (3), were considered free from clinical signs of 
arthritis. 

After a synovial fluid sample had been withdrawn, 0.5 ml of 
a 1 % Carrageenan solution was injected into each of the 
abovementioned joints. After 8 hours, the joints were 
emptied of the synovial fluid and treated: right joints with 
2 ml 1 % sodium hyaluronate solution (molecular weight 4 x 
10 6 dalton) and left joints with the same amount of saline. 
Synovial fluid samples were then withdrawn at the following 
intervals: 24, 48, 96, 120 and 168 hours. 

All joints reacted with a severe synovitis, typified by 
lameness, swelling, pain and heat. The results of the 
proteoglycan determinations are shown in Fig. 1. 

The hyaluronate-treated joints showed a remarkable clinical 
improvement immediately after the treatment and could be 
considered clinically sound within 2 days. The NaCl-treated 
joints remainded sore with light to moderate signs of 
swelling, pain and lameness the last follow-up day (7 days 
after the injection) . The results obtained are very interesting 
and can be interpreted as carrageenan eliciting a proteoglycan- 
degrading effect together with a disturbing effect on the 
removal of proteoglycans from the synovial fluid. 

The invention is characterized in more detail in the attached 
claims forming an integral part of this specification. 
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CLAIMS 



5 J 



A hyaluronic acid preparation containing an effective 
amount of hyaluronic acid of a molecular weight exceeding 
3 x 10^ dalton, for intraarticular administration in 
the treatment of progressive cartilage degeneration 
caused by proteogly an degradation . 



A hyaluronic acid preparation containing an effective 
amount of hyaluronic acid of a molecular weight exceeding 
3 x 10 6 dalton, for intra-articular administration for 
the purpose of preventing steroid arthropathy. 
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